Precast construction projects are associated with many activities, numerous parties, enormous e ort, and di erent processes. For e ective communication, this requires delivering appropriate and up-to-date information to enhance collaboration and improve integration. The purpose of this paper is to develop the system architecture and prototype of Context-Aware Cloud Computing Building Information Modelling (CACCBIM) for precast supply chain management. The ndings of this research are grounded on the literature of cloud computing, context-awareness, building information modelling, and, ultimately, the analysis of interviews with stakeholders in precast construction. Findings determine that lack of integration, improper planning and scheduling, poor production timing, poor coordination, lack of good communication among parties, wrong deliveries, and poor control and supervision are the major issues within the precast supply chain. These issues could result in adverse consequences for the objectives and success of the precast project. Eventually, to reduce and eliminate these issues, the proposed prototype will support appropriate deliveries, e cient monitoring, facilitation of coordination, and collaboration with improved communication. It is anticipated that this research will establish a unique perception in the precast construction industry, which will nally enhance its productivity, improve its e ciency, and maximise its e ectiveness.
Introduction
The precast construction industry is frequently characterised by complexities, non-integrated environments, and fragmentation. Since 150 years ago, the osite precast construction industry has become one of the core elements of the construction supply chain which consists of the e cient management of various activities contributing to the ow of services, products, and materials [1] among the suppliers, clients, manufacturers, architects/engineers, general contractors, consultants, subcontractors, and developers. It has considerably contributed to improved productivity, cost savings, and decrease in construction time [1] [2] [3] . Precast concrete, as a major prefabrication method, is a construction system in which, rstly, concrete is cast [4] in reusable moulds (mostly of steel or wood) and then cured in a controlled environment (commonly o -site); secondly, it is transported to the construction site where it is installed within the construction structure [5] [6] [7] .
Clients in the precast construction industry are demanding cost-e ectiveness, lower construction time, enhanced quality, and delivery of up-to-date information. Hence, one of the e ective collaborative tech-nologies is cloud computing technology for applying in precast construction industry. As clari ed by Chi et al. [8] , cloud computing delivers the hardware (IT infrastructure) and software services (applications) of data servers via only the Internet. Moreover, it shares the applications and services (available for 24h/365 days/year) via the ubiquitous internet [9] . Cloud computing technology has been implemented in precast construction projects in order for its dynamic features, di culties, risks, and information-intensive nature to be dealt with [10, 12] .
Despite the current evolving technological tools, for instance the cloud computing implementation, managing a large amount of information among numerous stakeholders and precast supply chain parties in precast construction industry is still challenging. Many challenges in the current precast supply chain processes arise through ine ective and low-e ciency access to accurate information at an appropriate time to facilitate urgent decision making. This challenge could contribute to negative in uences on the precast construction objectives, such as creating numerous errors, rework, and con icts resulting in poor productivity and reduced e ciency [13] . Therefore, quick and appropriate access to precast project information via various user contexts with context-aware implementation could contribute to cost saving, enhanced e ciency, greater productivity, and time reduction [14] .
Precast construction projects are associated with numerous technical drawings, a lot of information, change orders, and many approvals. Frequently, information is produced in di erent and unconnected platforms which can be time-consuming and cause di culties in accessing, sending, and retrieving information. On the other hand, the latest collaborative technologies which have been proposed and implemented within the construction industry are evolved from Building Information Modeling (BIM). Lati et al [15] de ned BIM as a collection of digital tools for achieving the e ectiveness of construction projects. Also, Takim et al. [16] clari ed that BIM implementation will help the construction industry to enhance e ciency, increase e ectiveness, improve exibility, and become more innovative. Meanwhile, the current enhanced digitization, improving automation, necessary sustainability, and evolving technologies, such as cloud computing [10] [11] [12] 17, 18] , will encourage the utilisation of BIM in the construction industry [19, 20] . Consequently, overcoming the issues mentioned in this research will help develop an integrated collaborative (context-aware cloud BIM) prototype for precast supply chain management. This will be described in Section 9 of this research. This paper is classi ed into eleven sections. After these introductory remarks in Section 1, this paper will discuss the research scope and the methodological research concept. This is followed by de ning the concepts of Precast Supply Chain Management (PSCM). In Section 4, the cloud computing de nitions and concepts will be provided. The context-awareness concepts will be presented in Section 5. Section 6 will then set out the de nition and bene ts of BIM. The qualitative research analysis using NVivo for the semistructured interviews will be described in Section 7. The system architecture of Context-Aware Cloud Computing Building Information Modelling (CACCBIM) for precast supply chain management will be presented in Section 8. Prototype development of the CACCBIM for Precast Supply Chain Management will be demonstrated in Section 9. The signi cant points drawn from this research will be explored in Section 10. Finally, the conclusion and future recommendations will be presented in Section 11.
Research scope and method
This research has basically considered the application of context-aware cloud BIM within the Precast Supply Chain Management (PSCM) phases: planning, design, manufacturing, transportation, and, lastly, installation/erection and construction of the precast components. It should be noted that this research has selected four various contexts including user, location, information, and time for the context-aware feature in prototype development. This research has concentrated on key parties in the PSCM, including the owners/clients, consultants, architects/engineers, manufacturers, general contractors, subcontractors, construction managers, and suppliers.
Generally, the research procedures are as follow:
1. Over 70 comprehensive items from the literature, related to supply chain management, cloud computing, context-awareness, and BIM, focused on the precast construction industry were consulted. It should be noted that the literature review was mostly based on the main world-wide expert publications from Emerald, Science Direct (Elsevier), Springer, Scopus, Web of Science, IEEE-Xplore, and ASCE; 2. The system architecture of CACCBIM within the precast supply chain management is proposed; 3. Based on the analysis of semi-structured interviews (n = 19) consisting of the 4 senior designers, 5 precast technical managers, 2 precast specialists, 6 precast manufacturers, and 2 executive directors within Malaysia's precast construction industry, the CACCBIM prototype for precast supply chain management has been developed; 4. The potential opportunities are proposed in this paper along with future research topics.
It should be noti ed that the semi-structured interviews are conducted to help identify the details of the user's requirements and expectations for all the precast supply chain phases, including planning, design, manufacturing transportation, installation, and construction. However, the scope of this research will only concentrate on the precast installation and construction phases for the user's requirements and prototypes development. Consequently, since this is an ongoing research, evaluation and validation of the proposed prototype will be presented in future publications. The following section of this research will clarify the de nitions, concepts, and bene ts of Precast Supply Chain Management (PSCM).
Precast supply chain management
The precast system is an e cient construction technique whereby concrete is cast into the reusable moulds and then cured in a controlled environment, transported, and assembled at the precast site [5, 21] . On the other hand, Chen et al. [2, 3] declared that selection of precast systems, compared to other construction systems, for construction projects should be grounded on the diverse construction characteristics and accessible resources to evade negative consequences such as cost overruns and time delays. Precast construction systems will lead to im-proved productivity within the construction industry [1, 21] , design and aesthetics exibilities and energy e ciency [6] , speedier construction [22] , high quality [23] , design exibility [24] , improved sustainability [25] , lower materials wastage [26] , a decreased need for on-site labourers [27] , a cost-e ective process [28] , and improved performance and e ciency [29] . Furthermore, the o -site precast industry (client/owner, consultant, designer, manufacturers, transporters, general contractor, sub-contractor, warehousers, retailers, customers, and suppliers) prevailed in 1850 [1] .
Precast supply chain phases
The parties involved with supply chain phases of precast construction, as illustrated in Figure 1 , are classi ed as: planning, design, manufacturing (production), transportation, installation (assembly), and construction [30] [31] [32] [33] .
Precast supply chain problems
One of the earliest studies in identifying precast construction problems [28] found the most common problems in the installation phase to be site location, truck delays, and project cost control. Consequently, inappropriate selection and integration of construction systems could contribute to the di culties and complication of the construction process, time delays, and, eventually, overrun costs [30] . For the main problems 
Planning (P)
Poor planning and scheduling [1] . Poor planning, wrong choice and combination of construction systems [30] .
Design (D)
Poor communications among designers and manufacturers [34] . Poor design [35] .
Manufacturing (M)/ Production (P)
Poor production timing [6] . Expensive skilled labourers, resource allocation problems (e.g. crew of workers and equipment such as machines), complex precast characteristics, and dynamic features of the manufacturing processes [36] .
Transportation (T)
Large size (bulky) and heavy (great weight) precast components [2, 37, 38, 39] . Late deliveries and poor weather [38] .
Installation and Construction (I&C)
Wrong (inaccurate) components delivered [38, 39] .
Poor coordination and activities management [37] . Poor specialised contactors and lack of good communication among parties [34] .
within the precast supply phases including planning, design, manufacturing, transportation, installation, and construction, see Table 1 . According to Table 1 , the major problems associated with the precast construction industry are categorised as: poor planning and scheduling, poor communications between designers and manufacturers, large size (bulky) and heavy (great weight) precast components, poor coordination, and lack of good communication among parties. Moreover, the major problems associated with the precast construction industry, including all the phases of SCM, are classi ed as: lack of interoperability between software used, loss of information and di culties in communications [32] , poor management of knowledge, poor design, lack of information sharing, double work, and the di culty of tracking [33] . However, this research prototype development of the context-aware cloud computing building information modelling will solve the major issues in the installation and construction phases, such as poor coordination, lack of interoperability between the software used, loss of information, lack of information sharing, and lack of good communication among parties in order to mitigate, avoid, or eliminate the negative consequences arising from these identi ed problems for the project objectives such as time, cost, quality, and health.
The next section will present the de nitions, delivery, and service models for cloud computing as the key precast construction collaborative tools.
Concepts of cloud computing
The IT industry claims that cloud computing is the latest e cient and e ective development which requires the internet and application servers to function. It is applied globally at anytime and anywhere via the internet network and does not require new infrastructure, employee training, and software licenses [18, [40] [41] [42] [43] . The major key components of cloud computing are: ubiquitous network via diverse computing resources such as various networks, di erent servers, storage capabilities, numerous applications, and delivery services [43] ; integration of various technologies including utility computing, virtualization, distributed computing, network storage technologies, and parallel computing [44] for facilitating the implementation of computing processes and data-intensive applications [45] . Consequently, a simple de nition of cloud computing is that it is a selection of software and hardware that individuals or organizations can implement anywhere at any time via an internet connection. Hence, this technology could be more e cient and e ective compared to the internet (a network of networks) in terms of delivering the computing resources, software, hardware, applications, and services (such as the World Wide Web). Here, the internet is only the universal network connecting various computing devices which communicate and deliver the data and information.
Cloud computing delivery (deployment) uses public, private, community, and hybrid models. Cohen et al. [46] note that the public cloud is a pay-as-you-go open system delivered to any user (public). On the other hand, a private cloud (business closed system) will be delivered only to the speci c users assigned to the data-centres [47] . Moreover, community cloud implementation is for a selection of organisations [48] which have shared pro ts, whereas a hybrid cloud is the integration of public, private, and community clouds [43] . On the other hand, according to Cohen et al. [46] , Karamouz et al. [48] , Goscinski and Brock [49] , and Jiao et al. [50] , the cloud computing services models which will be delivered to the users are classi ed into: SaaS (Software as a Service including Gmail, Google Docs, Google Calendar, etc.), PaaS (Platform as a Service which is selecting a platform for developing the applications), and IaaS (Infrastructure as a Service, for instance selecting storage features, processing types, variety of operation systems, etc.).
The major advantages of cloud computing could be signi ed as scalable delivery for various computing resources and diverse services of Information Technology (IT). Hence, this research has proposed the private cloud and SaaS within the system architecture and prototypes development. Furthermore, it is an opportunity to apply various computing resources and diverse services of Information Technology (IT) in all industries, particularly the precast construction industries. Consequently, if properly applied and adjusted (Cloud computing is one of the main components of this research system architecture in Section 8 and for developing the prototype of the context-aware cloud computing building information modelling for precast supply chain management in Section 9.), it will eventually enhance the e ciency, increase the e ectiveness, improve the communication system, and increase the productivity of the precast construction industry. The next section of this paper will deliberate on the various concepts of context-aware technology.
Context-awareness
Context is an extensive concept which is used in various industries such as computer science or construction. According to Ntanos et al. [51] , in the computer science, the context includes all the quanti able factors within the device environment related to its use or the user. Moreover, the comprehensive de nition that could be utilized within the context-aware applications is that context is any information which could illustrate an entity's situation. An entity is described as an object, place, or person which is signi cant to the collaboration and communication between the application and user [52] .
After identifying diverse contexts, automatic contextual recon guration could be produced (contextawareness) [53] , such as decreasing the monitor brightness, identifying the nearby Wi-Fi connectivity, and determining the nearest printer for printing a document [51] . Context-awareness allows applications to be delivered to the end-users to provide a richer experience by improving the user interactions through the changing contextual information [54, 55] . On the other hand, context-awareness is determined by environmental factors which are classi ed as location (where), identity (who), time (when), pro le and spe-ci c activity (what) towards delivering the appropriate information to related users with consideration of the current context [56] . As clari ed by Afridi et al. [57] , the main objective of applying the context awareness feature is to increase the productivity and improve the e ciency and mobility of construction parties.
The feature of context-awareness will facilitate an e cient and e ective response by the tools according to the environmental changes such as the supply chain phases within the precast construction industry. On the other hand, the comprehensive identi cation and implementation of the context-aware feature could contribute to enhancement of human-machine interfaces [51, 52, 56] . Hence, this research has applied the context-aware technology, as illustrated in the system architecture of this research in Section 8. Moreover, the prototype development has applied context-awareness (user context, location context, time context, and information context) as brie y discussed in Section 9. It is expected that through implementing this technology, the appropriate information at the right time in the correct location will be delivered to the parties involved, thereby ultimately enhancing e ectiveness, improving the communication system, and increasing productivity within the precast construction industry. The de nitions and implementations of Building Information Modelling (BIM) will be described in the following section.
Building Information Modelling (BIM)
Building Information Modelling (BIM) development can be perceived as the latest technology entering the construction industry, which could be implemented within the information-intensive precast construction industry to improve productivity of the precast supply chain [57] . As one of the comprehensive de nitions, Eastman et al. [58] de ned BIM as a digital method of design and construction associated with various processes and numerous people to create, communicate, and facilitate the interoperable information models of buildings. It is a digital prototype delivered to the users which facilitates the visual simulation of the planning, design, construction, and operation phases within a project [15] .
As a result, this research has proposed Building Information Modelling (BIM) as illustrated in the system architecture in Section 8. Furthermore, the BIM cloud software, as identi ed within this research including AutoCAD 360, Tekla BIMsight, Autodesk Revit 2013, and also Bentley STAAD.Pro V8i, has been proposed for prototype development in Section 9. It is expected that by accessing the BIM software from the BIM server via the cloud computing implementation, the parties could e ciently send and retrieve the information that could enhance productivity, improve the communication system, and increase the e ciency of precast construction industry. The qualitative analysis (user needs analysis from the user requirements studies) of semi-structured interviews with precast supply chain parties along with identifying the major problems and the main software utilisation in the precast supply chain phases will be explained in the next section.
Research analysis
This research was accomplished by conducting 19 semistructured interviews (n = 19) with 4 senior designers, 5 precast technical managers, 2 precast specialists, 6 precast manufacturers, and 2 executive directors within Malaysia's precast construction industry. The selected number of respondents (n = 19) was based on qualitative data saturation (the situation where no new information can be derived from the data analysis), which eventually occurred in the seventeenth interview [59] [60] [61] . However, for better veri cation, the interviews were conducted up to the nineteenth interview. It should be noted that most of these respondents had considerable knowledge and experience in implementing precast projects through their supply chain phases. On the other hand, if the qualitative data are managed appropriately, they can create signi cant ndings [62, 63] . A vast amount of qualitative data is required to be prepared, arranged, and broken into a reduced number of meaningful parts which are then concurrently organised and categorised into speci c themes [63] [64] [65] .
QSR NVivo [64, 65] was implemented for the analysis of this qualitative research. This analysis was done in several phases:
(a) Developing documents for semi-structured interviews (respondent's transcripts) and creating the folders; (b) Assigning the interview analysis variables to nodes in NVivo; and (c) Creating the NVivo analysis modelling.
NVivo noding
As shown in Figure 2 , the nodes in NVivo are illustrated according to the precast supply chain phases, including planning, design, manufacturing, transportation, installation, and construction.
Problems within the precast supply chain phases
The major problems within the supply chain phases of the precast construction industry, according to the interviewees, are analysed in NVivo. The results are illustrated in Table 2 . Table 2 demonstrates that lack of integration of precast supply chain phases, as identi ed by 8 respondents (almost half of the total respondents), is the main signi cant problem in the precast construction industry. This is due to precast supply chain phases and parties (information ow, communication ow, and process ow) being fragmented and not well integrated into a single process (an integrated system). Lack of ICT collaboration, including the communication tools and collaborative/coordination management tools (online meetings, instant messaging, time management software or online calendars, social software, voice mails, and video sharing) was agreed by 3 respondents as the other signi cant issue in the precast construction industry. Hence, this research will focus on solving these 2 mentioned issues by developing a prototype of context-aware cloud computing building information modelling for precast supply chain management in Section 9. However, as mentioned in the research methodology in Section 2, the detailed issues within the installation phase (Table 3 ) and construction phase (Table 4 ) of precast construction projects are illustrated in the following tables. Table 3 demonstrates that most of the respondents (9 respondents) claimed that lack of integration in the processes, information, and communication ow among the parties involved would lead to poor installation of a precast construction. On the other hand, the inappropriate selection of sub-contractors (6 respondents), poor controlling and supervision (8 respondents), and poor coordination (ine ective communication among parties and miscommunication with labourers) would also contribute to poor installation of a precast construction. However, this research seeks to solve the most common issues in the precast installation phase (lack of integration, poor controlling and supervision, and poor coordination) by developing the prototype of context-aware cloud computing building information modelling for precast supply chain management in Section 9. NVivo Modelling of the major problems within the precast installation phase is illustrated in Figure 3 .
The next part of this research, as illustrated in Table 4 , will explore the major problems within the precast construction phase. Table 4 demonstrates that most of the respondents (9 respondents) claimed that poor coordination (ine ective communication among parties and miscommunication with labourers) would lead to ine ective construction of precast projects. On the other hand, poor on-site controlling and monitoring (8 respondents), poor competent contractors (6 respondents), and lack of integration (6 respondents) in the processes, information, and communication ow among the parties involved within the construction phase would also contribute to the poor precast construction. However, this research will seek to solve the most common issues in the precast construction phase (poor coordination, lack of integration, and poor controlling and supervision) by developing the prototype of context-aware cloud computing building information modelling for precast supply chain management in Section 9. NVivo modelling of the major problems within the precast construction phase is illustrated in Figure 4 . Based on the NVivo interviews analysis, Table 5 shows the main software used within the precast construction industry categorised according to the various supply chain phases. Table 5 illustrates the signi cant software used within the precast supply chain phases including: in the planning phase, Microsoft Project Planning (15 respondents); in the design phase, AutoCAD 2D&3D (18 respondents), Revit (3D BIM; 5 respondents), the Tekla Structure (BIM Type; 4 respondents); in the manufacturing phase, STAAD.Pro (11 respondents); in the transportation phase, Microsoft Project Planning (10 respondents); in the installation phase, Microsoft Project Planning (13 respondents ); and lastly, in the construction phase, Primavera (12 respondents). However, the BIM software within the precast supply chain phases which is selected for prototype development comprises: Autodesk Revit 2013 [15] , Tekla BIMsight [16] , Bentley STAAD.Pro V8i [20] , and AutoCAD 360 [66] . It should be noted (see Section 8) , that this BIM software will be delivered to the clients (such as the mobile computers and smart phones) via the cloud server by connecting to only an internet connection. The next section of this paper will explain the system architecture development of CACCBIM for precast supply chain management.
Architectural CACCBIM system for precast supply chain management
Beside the features of lack of integration, poor coordination, and ine ective collaboration, the same information is transferred, processed, handled, deployed, and dispersed all over the precast construction industry. Accordingly, designs are redesigned, information is re-entered, reports are reproduced, materials and precast components are replaced needlessly, etc. These instances of ine ective work ows could decrease e ciency and reduce productivity [41] . Thus, the main goal is to enhance collaboration, increase communication, and improve the initial coordination through facilitating the parties to be in contact earlier within the precast supply chain phases, such as in the design/build method. It should be noted that commonly in designbuild procurement, such as for precast construction, the various parties involved like the contractor and architect should collaborate at the beginning of project. This will enhance the communication with better integration and improve the e ciency and collaboration. On the other hand, any change order which could be caused by precast parties can adversely in uence on the precast construction objectives leading to time delays and cost overruns. Consequently, it is anticipated that development of context-aware cloud computing building information modelling applied to precast supply chain management will enable the precast stakeholders and precast supply chain parties, such as designers, owner, manufacturers, contractors, consultants, subcontractors, and suppliers, to have the opportunity to enhance their collaboration with much more accuracy and e ciency than those of the conventional precast construction methods.
It is believed that implementing this integrated, shared, open, collaborative tool will eventually enhance the e ciency and e ectiveness compared to other systems, for instance, Virtual Design & Construction (VDC), Building Information Modeling (BIM), Integrated Project Delivery (IPD), etc. This collaborative system will contribute to improved e ciency, enhanced e ectiveness, and increased productivity for the precast construction industry. Furthermore, a major component in the proposed system, as ex-plained in the prior parts of this study, comprises Cloud Computing (CC), Context-Awareness (CA), and Building Information Modeling (BIM). This research has proposed the private cloud and SaaS for the proposed architectural system and prototype development. On the other hand, the servers (context-aware information system server engine as CAISSE, general application servers, general database server, cloud server, BIM application server, and BIM database server) and clients (such as the mobile computers, tablets, and smart phones) [10] [11] [12] [40] [41] [42] will receive and deliver the data and information via the cloud server only by connecting to the internet connection. Additionally, a user's context-awareness and BIM cloud computing implementation are the tools which utilise the central remote servers and the internet to retrieve and send various applications and diverse data. Figure 5 demonstrates that the data is retrieved by application servers (including the BIM applica- tion server) and database servers (including the BIM database server). Subsequently, the received data will be transferred to CAISSE to produce the appropriate information. Moreover, the CAISSE will deliver information to users according to the chosen contexts via the cloud computing implementation. Fundamentally, the architectural system of CACCBIM comprises four core components which are:
1. Mobile client: This includes the mobile device (such as the mobile computers and smart phones) that is able to transfer data and information for the CAISSE via the cloud BIM. Furthermore, the mobile client, through the cloud BIM, will get the information; 2. Firewall systems: Two rewalls are proposed as one rewall within CAISSE and BIM cloud, and the second within the mobile client and BIM cloud. These rewalls have been proposed in order to enhance the information security which is transferred as well as delivered via mobile devices; 3. CAISSE: After delivering data via the general application servers, BIM application server, general database server, BIM database server, and mobile clients will be handled via the CAISSE. On the other hand, various user characteristics will be selected according to the speci ed context, for instance, location, time, activity, weather, identity, preferences, site conditions, roles and responsibility, network type, and accessible bandwidth (user context-awareness). However, it should be noted that this research prototype development, as will be discussed in the next section, is context-aware based on four contexts: the user, location, information, and time; 4. Cloud server for BIM: CAISSE will transmit the produced information to the cloud server through permission of the rewall. This information is then distributed to mobile clients via the cloud server. As described in the previous section, the cloud BIM software identi ed within this research includes AutoCAD 360, Tekla BIMsight, Autodesk Revit 2013, and also the Bentley STAAD.Pro V8i.
Developing the context-aware applications (for instance user context, location context, information context, and time context) will enhance the opportunities and facilitate the prototype system to deliver produced information with various services related to and appropriate for stakeholders and supply chain parties participating in the precast projects. Prototype developments for the precast construction projects will be explained and illustrated in the following section.
Context-Aware Cloud Computing Building Information Modelling (CACCBIM) prototype for precast supply chain management
The prototype development is based on the qualitative data analysis (requirements analysis) based on the views of interview respondents. This prototype has been implemented for two di erent projects (projects A and B) by identifying the two locations (locations A and B) and has successfully delivered the information and services to the precast users. In order to detect the projects, the locations (A and B) of users (such as the contractor and project manager) in the precast supply chain phases will be identi ed by applying GPS (Global Positioning System) assisted by Google Maps (detecting latitude and longitude). Therefore, the rst stage of this prototype implementation is the Login page ( Figure 6 ). Figure 6 illustrates the rst stage of this prototype implementation through which, for instance, the contractor will log into the prototype. Consequently, after entering the username and password in the Login page, the user identity (user context), the user location, for instance location A or B within the precast supply chain phases (location context), the speci c information (information context), and the time of activities (time context) according to the time scheduling (MSP scheduling), for instance the second oor construction, will be identi ed. illustrates the prototype for the precast supply chain users (such as the contractor) in location A (project A) of the precast supply chain phases (installation and construction phases) in the construction of the second oor. Meanwhile, Figure 8 illustrates the prototype for the precast supply chain users (such as the project manager) in location B (project B) of the precast supply chain phases (installation and construction phases) in the construction of the second oor . It should be noted that this prototype is context-aware (user context, location context, information context, and time context) and cloud BIM based for delivering the speci c information, services, and BIM applications at any time in any place to the particular users within the precast supply chain phases. On the other hand, if the mentioned contexts are not identi ed, such as the unsuccessful identi cation of location context (GPS detection failed), then, as illustrated in Figure 9 , the users have to select their required information and services, such as which project (A or B), which phase of the precast supply chain phases, or which level ( oor) of the precast project they want to enter in order to get the speci c information and services.
The precast construction projects can be perceived as information intensive which will require stakeholders and supply chain parties to deliver only up-to-date and appropriate information with speci c services in order to successfully achieve their project objectives. Hence, as shown in Figures 7 and 8 , the speci c information (information context) based on the contractor or project manager (user context), location A/B within the precast construction site (location context), and also the time scheduling and activities of the second oor (time context) will be illustrated. On the other hand, the contractor, project manager, or precast users have access to other features, such as the information related to other supply chain phases, other projects, services, project locations, search, issues, and lastly, the logout page. Consequently, if the precast users, such as the contractor, wish to deliver other information, services, and applications to the other supply chain phases (Figure 10 ), then they will be able to deliver the information related to the precast supply chain management. Figure 10 illustrates the other precast supply chain phases including the precast planning, design, manufacturing, and transportation phases to which the precast users, such as the contractors, could access.
Meanwhile, if the precast users, such as the contractor, click on the services, they will be able to deliver various kinds of services comprising project team communications, BIM cloud software, and weather information (Figure 11) .
After entering the delivery services page (Figure 11) , if the precast users, such as the contractor, click on the BIM cloud software page, they have access to several BIM Cloud software programs (Figure 12 ), as identi ed within this research (Section 6), including AutoCAD 360, Tekla BIMsight, Autodesk Revit 2013, and also Bentley STAAD.Pro V8i. The following section will present the important points of this research.
Discussion
Precast construction is an e ective construction method in which the concrete is poured into the reusable moulds and then cured in a controlled environment (preferably o -site), transported, and installed on the precast structure. It is classi ed into diverse supply chain phases including planning, design, manufacturing, transportation, installation, and construction. This study has considered the main parties in the precast supply chain management which are: the architects/engineers, consultants, owners/clients, general contractors, manufacturers, construction managers, subcontractors, and suppliers. Cloud computing technology has increased the opportunities to facilitate accessibility of the information systems. It has created delivery of various services and applications at any time in anywhere through only the internet without any particular requirements to develop new infrastructure, employee trainings, and software licenses.
Context is a single entity or an integration of entities: user preferences, user responsibilities, type and location of the device (tablets, laptops, mobile phone, etc.), time of activities, device type, Wi-Fi networks, and the environmental circumstances. When the context is identi ed, the automatic contextual recon guration will be created (context-awareness), including identi cation of the nearest printer, brightness settings of monitor, and detecting the closest Wi-Fi connection. This feature will help the users to conveniently access the services and applications by facilitating the user interactions via the changing contextual information. On the other hand, the latest construction approach is determined by the Building Information Modelling (BIM), which will facilitate various people and di erent processes within the construction lifecycle to produce, communicate, and deliver the building information models. It should be noted that BIM utilisation will enhance communication, reduce waste, improve quality, decrease the safety issues, and maximise e ciency and e ectiveness, which could ultimately enhance the success of construction projects.
Boyaval et al. [67] identi ed valuable and realtime technologies, for instance the Internet, which will facilitate the users to access the information using computing devices such as mobiles and tablets, and thereby become integrated through cloud-based tools. Moreover, the vast amount of useful and useless information has contributed to the construction industry acquiring a huge information environment. Therefore, each user (user's context) at any time and in anywhere is required to access the proper information (contextawareness). Moreover, there are major opportunities to be achieved through the implementation of e ective CAID (Context-Aware Information Delivery) technologies.
Information Communication Technologies (ICT) are achieving their core objective which is to deliver a ubiquitous environment within which everyone could conveniently retrieve and send information at any time and from any location (cloud computing). Hence, further research could be grounded on how cloud computing can e ectively and e ciently manage the huge volumes of data, such as by using Augmented Reality (AR) [8] , Virtual Prototyping (VP) techniques [13] , context-aware mobile computing [12, 57] , the Building Information Model (BIM) [20] , hybrid integrated location tracking [68] , simulations [67] , real time simulators [69] , BIM RFID model [70] , the model view of the precast national BIM standard [71] , BIM Augmented Reality [50] , IFC for precast construction [72] , and virtual prototyping tools [73] . However, several researchers are addressing this domain as the \CloudBIM" implementation will deliver the unconnected fragmented applications to more shared and dynamic networks which could have the features of automated task allocation [8, 47, 50] .
As explained by Aziz et al. [13] , if contextaware mobile computing is applied, then there will be considerable advantages, for instance, the appropriate information at the right time in the correct location which will result in e cient decision-making during the construction lifecycle. Furthermore, Aziz et al. [74, 75] proposed facilitating technologies such as Radio Frequency Identi cation (RFID), location-based services, pro ling technologies, ubiquitous computing, Wireless Local Area Networks (W-LAN), and sensor networks for Context-Aware Information Delivery (CAID). Furthermore, to facilitate the e cient achievement of context-aware capabilities, it is necessary to properly select the various user interfaces, localization technologies, and mobile devices. Consequently, if the precast professional parties implement context-awareness, then they do not wish to search through a huge amount of information within the precast supply chain phases. On the other hand, the precast professional parties will access information and services at the right time and in the correct location (in the supply chain phases) that will ultimately increase productivity and enhance e ectiveness and e ciency.
The research analysis was based on the 19 semistructured interviews (n = 19) in the precast construction industry of Malaysia consisting of 6 precast manufacturers, 5 precast technical managers, 4 senior designers, 2 executive directors, and 2 precast specialists. It was accomplished in 3 stages: developing documents for semi-structured interviews and creating the folders, assigning the interview analysis variables to nodes in NVivo, and nally creating the NVivo analysis modelling. Subsequently, the system architecture and the prototype of CACCBIM aimed at precast supply chain management were developed. However, the limitation of this study is that the prototype implementation is for the precast installation and construction phases. Nevertheless, this research is a continuous study that will implement this system for other precast supply chain phases including planning, design, manufacturing, and transportation. It should be noted that the future research will implement the proposed prototypes for the eld test and evaluation trails with the aim of delivering the real life prototype system for precast supply chain management. The last section will deliberate on the major points emerging from this research.
Conclusion
Unlike other main industries, the precast construction industry is enormously project-based. It is characterised with many parties having diverse objectives and di erent organizational cultures. Since the 19th century, it has been considered as one of the chief elements in the construction supply chain. Precast construction is identi ed as the e ective management of numerous activities, including the ow of materials, products, and services, which has signi cantly contributed to reduction in construction time, increased productivity, and more cost savings.
The major concern within precast construction is how to facilitate, collaborate, and integrate various parties and stakeholders within the supply chain phases so that their mutual objectives can be attained. They should accomplish the project using a collaborative approach to improve e ectiveness, increase productivity, ensure e cient delivery and utilisation of the resources, and ultimately attain the pre-determined objectives to ensure success of the precast construction projects. These pre-determined objectives are commonly associated with project delivery on time, at the speci ed cost, at a higher quality, and with fewer safety issues.
The increasing complexities of precast construction will necessitate di erent data and enormous information to be delivered and dispersed in the processes of precast supply chain phases. As a result, to successfully achieve the objectives of precast construction within the allocated time, assigned cost, and at a high quality, applying proper construction collaboration tools aimed for the stakeholders and various parties is fundamental. Hence, this research has proposed the e ective precast collaboration tools as a prototype comprising cloud computing, building information modelling, and context-awareness.
This research has identi ed the major problems within the supply chain phases of precast construction industry in order to mitigate, avoid, or eliminate the negative consequences of these identi ed problems on the project objectives such as time, cost, quality, and health. The major problems discovered within the precast construction industry are categorised as lack of integration, improper planning and scheduling, poor coordination, lack of good communication among parties, and poor controlling and supervision.
Consequently, developing the system architecture and the prototype of CACCBIM for precast supply chain management is hoped to signi cantly mitigate these major issues. 75. Aziz, Z., Anumba, C.J. and Peña-Mora, F. \Using context-aware wireless technologies to support teaching and learning in built environment", Int. J. Constr.
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